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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a soft magnetic alloy having 
high specific resistivity required of magnetic material for high frequency 
use, etc., and increased in magnetic permeability in a high frequency 
band and also to provide flat magnetic device, antenna, and wave 
absorber which are produced by using the soft magnetic alloy. 
SOLUTION: This alloy is constituted essentially of crystalline phases of 
<30nm average crystalline grain size, having face-centered cubic 
structure or body-centered cubic structure or mixture thereof, and 
ferromagnetic amorphous phases surrounding the crystalline phases. At 
this time, the crystalline phases have a composition composed 
essentially of Co and further containing, as main components, one or >2 
elements T selected from the group consisting of Fe, Ni, Pd, Mn, and Al. 
Further, the amorphous phases have a composition containing one or >2 
elements M selected from the group consisting of Ti, Zr, Hf, Nb, Ta, Mo, 
W, and rare earth elements, O, at least one or more kinds among the 
oxides of the elements M, Fe, and the elements T. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention shows high permeability in a high-frequency band, and relates to the soft magnetism 
alloy for RFs, the flat-surface mold magnetic cell (the transformer, inductor) and antenna using it, and wave absorber of low 
loss. 
[0002] 

[Description of the Prior Art] With the miniaturization of a magnetic cell, and high-performance-izing, it has high saturation 
magnetic flux density upwards, and the permeability in a frequency band hundreds of MHz or more is high, and the soft 
magnetism alloy which has high specific resistance is called for. Although many alloys which use Fe or Fe as a principal 
component as a magnetic material which has high saturation magnetic flux density conventionally were known, when the 
magnetic film of these Fe system alloys was created with membrane formation techniques, such as a spatter, although 
saturation magnetic flux density was high, its coercive force was large, and it was difficult for specific resistance to become 
small and to obtain good soft magnetic characteristics. Moreover, one of the causes of the permeability fall in high frequency 
has loss by generating of an eddy current. In order to prevent the eddy current loss which is the cause of decline in this RF 
permeability, to attain thin-film-izing and high resistance-ization of a thin film is desired. However, the soft magnetism alloy 
which raised specific resistance is called for, it being very difficult to raise specific resistance, with magnetic properties 
maintained, and the specific resistance of the soft magnetism thin film of alloy systems, such as Sendust and an amorphous 
alloy, being as small as 100 [ dozens - ] and dozens ofmicro ohm-cm extent, and securing the saturation magnetic flux 
density more than 0.5T (tesla) at least. Moreover, when obtaining an alloy as a thin film, it is still more difficult to obtain 
good soft magnetic characteristics under the effect of generating of magnetostriction etc. 
[0003] 

[Problem(s) to be Solved by the Invention] From such a background, this invention persons develop the soft magnetic 
materials of a Fe-M-O system (however, inside [ it is 4a, 5a group element, or rare earth elements ] shows kinds or those 
mixture at least, and Element M has the presentation of 50 <=Fe<=70, 5<=M<=30, and 10<=O<=30 (40)), and are doing 
patent application in the publication-number No. 316748 [ six to ] specification. According to the soft magnetic materials of 
this system, there was little eddy current loss in a RF field at one with high (215.3-133709micro ohm-cm) specific resistance, 
high permeability could be obtained in the RF field, saturation magnetic flux density could acquire the high value beyond 
0.5T (before or after 0.7 - 1.5T), and coercive force was also low (0.8 - 4.0 Oe). However, although there are two values, the 
real part (mu') of permeability and the imaginary part (mu M ) of permeability, and it is desired for the value of real part to be 
high for the application of a transformer, an inductor, or an antenna, and for the value of imaginary part to be low in order to 
express permeability generally What [ can make the value of the real part (mu') of permeability a high value in a high 
frequency band hundreds of MHz or more if it is in the soft magnetism alloy thin film of a Fe-M-0 system ] It becomes large 
so that the imaginary part of permeability may exceed the value of the real part of permeability, and the value of (real part of 
permeability )/(imaginary part of permeability), i.e., the value of Q (figure of merit) expressed with (mu^mu"), comes to be 
less than 1, and there is a problem to which loss becomes large. 

[0004] Although it is known that the ignition-magneto plan cutting tool to whom it is expressed with empirical formulas, 
such as Ba3Co2Fe 54041 (it is generally written as Co2Z etc.), as this kind of a bulk material shows high Q value in a RF 
field, even if it is in this thing, as shown in dra wi n g 14 , in a 1GHz RF field, the value of Q becomes 1 , and there is a problem 
on which loss increases in the high frequency band beyond it. On the other hand, it is in the inclination for a GHz band to be 
used further, in a communication link-related field (Personal Handyphone System: PHS) etc. Moreover, although the inductor 
of an air core is now used as components, it is thought that the demand to the ingredient which occupancy area is large, and 
there are needs miniaturized by using a magnetic thin film for a core, and has prospective still higher Q value increases. 
Moreover, it is in the same situation also in an antenna ingredient. Although it is desired for the imaginary part (mu") of 
permeability to be high as a wave absorber in the frequency band of an electric wave to absorb, conventionally which is 
shown in drawing 14 , with an ingredient, the value of the imaginary part of permeability is in the inclination to fall rapidly, 
from 1GHz in the upper band, and there is a problem unsuitable for the wave absorber of a GHz band with an ingredient such 
conventionally. 

[0005] It was made in order that this invention might solve said technical problem, and it has specific resistance high as 
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magnetic materials for RFs etc., and is in offering offering a soft magnetism alloy with high permeability in a high-frequency 

band and the flat-surface mold magnetic cell using it, a wave absorber, and an antenna. 

[0006] 

[Means for Solving the Problem] The soft magnetism alloy for RFs of this invention uses Co as a principal component. Fe, 
nickel, Pd, The crystal phase of 30nm or less of diameters of average crystal grain with which the face centered cubic 
structure, the body-centered cubic structure, or both who consider as a major component mixed a kind or two sorts or more of 
elements T chosen from Mn and aluminum, It becomes at least considering more than a kind, and Fe and the ferromagnetic 
amorphous phase containing Element T of the oxide of Ti, Zr, Hf, Nb, Ta, Mo and W which enclose these crystal phases, a 
kind chosen from rare earth elements or two or more sorts of elements M and O, and Element M as a subject. In this 
invention, the diameter of average crystal grain of an alloy is set to 7nm or less. This invention shall consist said soft 
magnetism alloy for RFs of the following presentation. 

xMyQzXwZs, however T Fe, nickel, Pd, (Col-cTc) They are a kind or two sorts or more of elements chosen from Mn and 
aluminum. M Ti, They are a kind or two sorts or more of elements chosen from Zr, Hf, Nb, Ta, Mo, W, and rare earth 
elements. Q is a kind or two sorts or more of elements chosen from O, N, C, and B. c which X is a kind of Si or the Cr(s) or 
two sorts of elements, and Z is a kind of the elements of Au, Ag, and a platinum group or two sorts or more of elements, and 
shows a presentation ratio 0.05<=c<=0.5, and y, z, w and s are at%, the relation of 3<=y<=30, 7<=z<=40, 0<= :: w<=20, and 
0<=s<=20 is satisfied, and the remainders are x and an unescapable impurity. 

[0007] In said presentation, this invention is still more desirable, when said presentation ratios y and z are set to 5<=y<=20 
and 10<=z<=30 at at%. This invention is more desirable when said element T is set to Fe. In this invention, it has uniaxial 
magnetic anisotropy in the crystal face of said soft magnetism alloy for RFs, and the anisotropy field is carried out to more 
than 10 Oe. In this invention, specific resistance was made into 200micro ohm-cm, and specific resistance was made into 
400micro ohm-cm. In this invention, the resonance frequency of said soft magnetism alloy for RFs is set to 2GHz or more. In 
this invention, as for said soft magnetism alloy for RFs, the amorphous phase forms 30% or more of area of all organizations 
immediately after membrane formation. Moreover, the above-mentioned soft magnetism alloy for RFs is desirable as the flat- 
surface mold magnetic cell equipped with the core of this alloy, an antenna, and a wave absorber. 
[0008] 

[Embodiment of the Invention] This invention is explained further below at a detail. In the soft magnetism alloy for RFs of 
this invention, Co and Element T are principal components and Co, and Fe and nickel are elements which bear magnetism. In 
order to obtain especially high saturation magnetic flux density, many contents of Co and Fe are so desirable that there are, 
but if the content of Co and Fe is lessened too much, saturation magnetic flux density will become small. Moreover, Co has 
the operation which enlarges uniaxial magnetic anisotropy. a kind or two sorts or more of elements chosen from Ti, Zr, Hf, 
Nb, Ta, Mo, and W, and rare earth elements (namely, Sc and Y belonging to 3a group of a periodic table --) Or since it is 
compatible in soft magnetic characteristics and high resistance, the element M which are a kind or two sorts or more of 
elements chosen from lanthanoidses, such as La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Td, Dy, Ho, Er, Tm, Yb, and Lu, is required. It 
is easy to combine these with oxygen, and an oxide is formed by joining together. Specific resistance can be raised by 
adjusting the content of this oxide. On the other hand, if it considers as the presentation range of the invention in this 
application, high specific resistance can be obtained, eddy current loss can be reduced by raising specific resistance, decline 
in RF permeability can be controlled, and a RF property can be improved. 

[0009] Next, Element T (a kind or two sorts or more of elements chosen from Fe, nickel, Pd, Mn, and aluminum) stabilizes 
the face centered cubic structure (fee structure) of Co. Moreover, although Element Z (a kind of the elements (Ru, Rh, Pd, 
Os, Ir, Pt) of Au, Ag, and a platinum group or two sorts or more of elements) raises the corrosion resistance of an invention- 
in-this-application alloy, if the content exceeds 20at(s)% (atomic %), soft magnetic characteristics (permeability) will 
deteriorate. In order to maintain high saturation magnetic flux density, securing good soft magnetic characteristics, it is 
desirable to consider as the range of 3<=M<=30, 7<=Q<=40, 0<=X<=20, and 0<=Z<=20 at at%. Furthermore, in order to 
obtain certainly good soft magnetic characteristics and high saturation magnetic flux density, it is more desirable to consider 
as the range of 5<=M<=20 and 10<=Q<=30 at at%. 

[0010] What is necessary is just to use suitably the existing thin film coating technology, such as a spatter and vacuum 
evaporationo, in order to create the magnetic film which consists of the above-mentioned alloy. As a sputtering system, the 
existing things, such as RF two-poles spatter, DC spatter, magnetron sputtering, a trilateral spatter, an ion beam spatter, and 
an opposite target type spatter, can be used. As an approach of adding O (oxygen) in the soft magnetism alloy film, the 
reactant spatter which performs a spatter in the mixed-gas (Ar+02) ambient atmosphere which mixed 02 gas, or the 
approach of carrying out the spatter of the multicomponent target using the chip of the oxide (Hf02 etc.) of Element M in Ar 
ambient atmosphere or an Ar+02 mixed-gas ambient atmosphere is effective in inert gas, such as Ar. Moreover, it can also 
manufacture in an Ar+02 mixed-gas ambient atmosphere using the multicomponent target which has arranged various 
pellets, such as the elements M, such as rare earth elements, or Element T, on the target of Co. 

[001 1] Furthermore, in soft magnetism alloy film tissue, a fine crystal phase may be fee structure, or may be body-centered 
cubic structure (bec structure), and you may be the mixed organization which makes a subject the amorphous phase in which 
other parts contain Co and Element T including both the fine crystal phase of fee structure, and the fine crystal phase of bec 
structure. When it has such an organization and has said presentation, this alloy film has uniaxial magnetic anisotropy in the 
field of a crystal, and that anisotropy field is more than 10 Oe, and it can carry out specific resistance to more than 400micro 
ohm-cm by the higher thing more than 200micro ohm-cm. Moreover, the diameter of average crystal grain at this time is 
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30nm or less, and in order to acquire better magnetic properties, it is more desirable [ a diameter ] that it is 7nm or less. 

[0012] 

[Example] 

(1) Using the membrane formation RF two-poles sputtering system, using the multicomponent target which has arranged the 
various pellets of each element, such as the element M of this invention, or Element T, at Co target, the spatter was 
performed in the mixed-gas ambient atmosphere of Ar+0.1-1.0%O2, and spatter time amount was adjusted so that thickness 
might be set to about 2 micrometers. The main spatter conditions are shown below. 

preliminary exhaust air: -- 1x10-6 or less Torrs RF input: - 200 WAr gas pressure: - 6 - 8xl0-3Torr substrate: -- a glass 
substrate (indirect water cooling) 

(2) After heat treatment membrane formation, in order to improve membranous soft magnetic characteristics, annealing 
treatment which holds for 60 - 360 minutes in a 300-600-degree C temperature requirement, and is annealed all over a non- 
magnetic field or a magnetic field in a vacuum heating furnace was performed, 

(3) the presentation of a measurement profit **** alloy magnetic film was searched for with EPMA (Electron Probe Micro 
Analysis), ICP (Inductive CoupledPlasma), the inert gas fusion infrared absorption method, etc. 

[0013] (Trial 1) The value (mil') of the real part of complex permeability in 500MHz of the above-mentioned alloy magnetic 
film and the value (mu") of the imaginary part of the complex permeability in 500MHz were measured first. Moreover, 
specific resistance (rho) was measured by 4 terminal method. The measurement result of the permeability (mu', mu") and 
specific resistance (rho) to the content and Hf content in a thin film sample (A, B, C, D, E, F, G) (Co+Fe), and O content of 
the Co-Fe-Hf-0 system manufactured by the aforementioned approach is shown in the triangular composition diagram shown 
in dra wing 1 . From the result shown in drawing 1 , specific resistance becomes high as the concentration of Hf and O 
becomes high, in connection with this, the value of Q (=mu7mu") becomes high, and the loss by the RF becomes small. 
Therefore, the sample of A, B, and C shown in drawin g 1 is suitable as an antenna or a flat-surface mold magnetic cell (a 
transformer, inductor). Moreover, in use near 500MHz, since the value of mu" is high, loss in a high frequency band will be 
high, and is suitable for the sample of E, F, and G as a wave absorber. However, the application partition by the 
aforementioned presentation is not absolute, and if the frequency band and thickness to be used change, of course in 
connection with it, it changes. 

[0014] Next, the mimetic diagram of a high-resolution transmission electron microscope photograph of the alloy film of the 
presentation which becomes Co46.5Fel7.5Hfl4.4021.6 is shown in drawing 2 . Moreover, as a result of performing electron 
diffraction and an X diffraction about this sample in addition to this, it became clear that this film served as overly detailed 
crystal grain of body-centered cubic structure with a particle size of about 3-5nm from the amorphous phase (field shown in 
drawing 2 with a slash) which exists in a grain boundary so that it may be surrounded. The X diffraction image in the 
condition immediately after membrane formation of the Co-Fe-Hf-0 film in various Co(es) and the presentation ratio of Fe 
(as-depo.) is shown in dra wing 3 . Moreover, all over drawing, the value of mu' in 100MHz was also shown collectively. 
Fe55Hf 1 1034 and Co65Hf 12023 are the examples of a comparison among drawing. It turns out that the small peak of bcc 
(110) and the halo which shows AMORUFASU near 2 theta^ 47 degree are observed, and it consists of a bcc phase and an 
amorphous phase at Fe55Hf 1 1034. If Co is added to this, the diffraction line of bcc (1 10) will become broadcloth gradually, 
and the broadcloth diffraction line which shows a hep phase will appear. In Co65Hf 12023 which permuted all Fe(s) by Co, 
the minute diffraction line and minute halo from a hep phase have appeared, it is guessed that this sample consists of a 
detailed hep phase and a detailed amorphous phase, the value of mu' is small and sufficient soft magnetic characteristics are 
not obtained. From these results, the soft magnetism alloy for RFs of this invention has the detailed crystalline structure 
immediately after membrane formation, and, as for an amorphous phase, it turns out [ of all organizations ] further that 30 - 
80% (area %) is more preferably occupied 30% or more. 

[0015] Moreover, the result of having measured frequency dependent [ of permeability ] is shown in drawing 4 about the 
sample of the presentation which becomes Co46.5Fel7.5Hfl4.4021.6. It became clear that more suitable than an ingredient 
this sample was Q**2 also in 1GHz, and it was [ in / conventionally / a GHz band ] low loss as a core of a flat-surface mold 
magnetic cell (a transformer, inductor) and an antenna. Moreover, since mu" is higher than the ingredient of a Fe-M-0 
system in a GHz band, the sample of this example is suitable also as a member of the wave absorber in a GHz band, 
furthermore, d ra wing 5 -- Co44.3Fel9.1Hf 14.5022.1 -- mu' of the sample of a presentation, and mu' - frequency dependent 
[ of] is shown. This sample is in the condition immediately after forming membranes in a static magnetic field, and 
permeability is as a result of [ of the direction of a hard axis (hard axis) ] measurement, mu' is almost fixed to 1GHz, mu" is 
also stopped low, in 100MHz, it is 61 and figure of merit Q is 2.9 also in 1GHz so that clearly from drawing .5 . The 
saturation magnetization of this sample was 1.1T, and specific resistance (rho) was 1400micro ohm-cm and a very high 
value. Moreover, he is a value also with a bigger natural resonance frequency than 1GHz, and it is thought that the value of 
2GHz or more is shown. In addition, the sample of the presentation which was shown in drawin g 5 as an example of a 
comparison and which becomes Fe61Hf 13026 performs heat treatment of 400 degree-Cx 3 hours in a static magnetic field, 
and although mu' is high, mu" is also high and remains in Q= 26 and a low value in 100MHz. 

[0016] The superresolution TEM (Transmission Electron Microscopy) image of the film of the presentation [ in / in drawin g 
6 (A) / the condition immediately after membrane formation ] which becomes Fe55Hfl 1034, Drawin g 6 (B) shows the 
component-analysis result of the minute field by EDX (EnergyDispersive X-ray Spectroscopy) of the film of the presentation 
which becomes Fe55Hfl 1034. The superresolution TEM image of the film of the presentation [ in / in drawin g 7 (A) / the 
condition immediately after membrane formation ] which becomes Co44.3Fe 1 9. lHf 14.5022.1, and drawing 7 (B) show the 
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component-analysis result of the minute field by EDX of the film of a presentation which becomes 
Co44.3Fel9.1Hfl4. 5022.1. It turns out that the film of the presentation which consists of a TEM image of drawing 6 (A) 
Fe55Hfl 1034 consists of an amorphous phase (number 2 in drawing) between detailed bcc crystal grain (number 1 in 
drawing) with a particle size of lOnm or less, and a grain. Although it is guessed from the result of the component analysis of 
dra wing 6 (B) that Hf and O element are contained also in a bcc phase, it turns out that Hf in an amorphous phase and O 
concentration are high compared with Hf in a crystal phase, and O concentration. Moreover, similarly, although the film of 
the presentation which becomes Co44.3Fel9.1Hfl4. 5022.1 also has the mixed phase organization of a detailed bcc phase 
and an amorphous phase, the diameter of bcc crystal grain is 5nm or less, and it is known by that it is very detailed compared 
with the particle size of the film of the presentation which becomes Fe55Hfl 1034. The inside of the crystal phase from the 
component-analysis result of the minute field by EDX and amorphous Aiuchi are Co:Fe=7:3 about, and the peak of Hf and O 
has amorphous Aiuchi larger than the inside of a crystal phase, and it is thought also in the film of the presentation which 
becomes Co44.3Fel 9. lHf 14.5022.1 that Hf and O are contained in an amorphous phase at high concentration. 
[0017] Drawing 8 compares the magnetization curve of the sample of the presentation which becomes 
Co44.3Fel9.1Hfl4. 5022.1 with the sample of the presentation which becomes Fe61Hfl3026. The curve of A shows the 
magnetization curve of the direction of an easy axis (easy axis) among drawing, and the curve of B shows the magnetization 
curve of the direction of a hard axis. The anisotropy fields Hk of the sample of the presentation which becomes 
Co44.3Fel9.1Hfl4.5022.1 are 4.8 kA/m, it is about 4 times the magnitude of the sample of the becoming presentation 
Fe61Hf 13026, and the anisotropy energy Ku is also large so that more clearly than drawing. Moreover, it turns out that the 
direction of the sample of the presentation which the value of the angular dispersion alpha 90 of the anisotropy measured 
with the B-H marker also becomes Co44.3Fel9.1Hfl4.5022.1 is small, and strong uniaxial magnetic anisotropy is given by 
permuting the great portion of Fe by Co. Consequently, it is thought that frequency characteristics have been improved as 
d rawi ng 4 and d r a w ing 5 showed. 

[0018] Next, while manufacturing the various alloy film of a presentation which is different from the above by the 
presentation system concerning this invention by the approach equivalent to the above and measuring the value (mu 1 ) of the 
real part of complex permeability and the value (mu") of imaginary part in 500MHz about each alloy film sample, the crystal 
structure and the diameter of average crystal grain which have been specified as a result of performing electron diffraction 
and an X diffraction are indicated to Table 1. 



[0019] 
[Table 1] 
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[0020] From the above properties, the soft magnetism alloy concerning this invention this invention persons of the hybrid 
model of the fine crystal of a Fe-M-O system and an amorphous phase like the soft magnetism alloy which is carrying out 
patent application previously since specific resistance is high There is the description with little eddy current loss, uniaxial 
magnetic anisotropy is still several times as larger as the soft magnetism alloy of a Fe-M-0 system, and since the natural 
resonance frequency is moving to the high-frequency band side more, it is clear that natural resonance loss in a GHz band can 
be reduced. 

[0021] Drawing 9 compares real part mu' of the complex initial permeability of the film of a Fe-Hf-0 system, and the film of 
a Co-Fe-Hf-0 system, and the frequency characteristics of figure of merit Q (=mu7mu") with the main alloy system soft 
magnetism thin films known until now. Although the conventional soft magnetism thin film of mu' near 1MHz is expensive, 
since specific resistance (rho) is small, mu' falls with the increment in a frequency by loss by the eddy current. On the other 
hand, although l-10MHz mu[ in a low frequency field ]' of the film of the Fe-Hf-0 system of high resistivity is 
comparatively low, to 100MHz or more, it is almost regularity and it turns out above about 40MHz that it becomes higher 
than the conventional soft magnetism thin film. Moreover, in the film of the presentation which has strong uniaxial magnetic 
anisotropy in addition to high specific resistance and which becomes Co44.3Fel9.1Hfl4. 5022.1, although it falls about to 
170 as a value of mu', frequency characteristics [ almost flat / to 1GHz ] are shown. The condition immediately after forming 
membranes here, while 1 10Fe62Hf27 film impresses a static magnetic field, and 130Fe61Hf26 film are heat-treated among 
a static magnetic field after membrane formation among a non-field, and all are as a result of [ of the direction of a hard axis ] 
measurement. On the other hand also in Q value, the film of a Fe-Hf-0 system and the film of a Co-Fe-Hf-0 system show a 
high value in a high-frequency field dozens of MHz or more. By the film of the presentation which becomes 
Co44.3Fel9.1Hf 14.5022.1 especially, it is 2.9 also in 61 or 1GHz in 100MHz. Thus, the film of a Fe-Hf-0 system and the 
film of a Co-Fe-Hf-0 system have the soft magnetic characteristics which were excellent in the large frequency band of 
MHz-GHz. 

[0022] The first example of structure of the flat-surface mold magnetic cell (inductor) which used the magnetic film of the 
soft magnetism alloy of said presentation for d rawin g 10 (a) and (b), and was created is shown. In the inductor B of this 
example, the spiral-like flat-surface coils 2 and 2 are formed in both sides of a substrate 1, each coils 2 and 2 and a substrate 
side are covered, an insulator layer 3 is formed, a magnetic film 4 is covered on each insulator layer 3, and a part for the core 
of coils 2 and 2 is electrically connected through the through hole 5 formed in the central part of a substrate 1. Moreover, the 
terminal 6 is taken out from the coils 2 and 2 of both sides of a substrate 1 by the way outside the substrate 1, respectively. In 
the inductor B of this configuration, an inductor is constituted between a terminal 6 and 6 by inserting the flat-surface coils 2 
and 2 with magnetic films 4 and 4 through an insulator layer 3, respectively. 

[0023] Said substrate 1 consists of a substrate, a substrate of Si wafer, or a resin substrate etc. which consists of a ceramic 
ingredient. When it constitutes a substrate 1 from a ceramic ingredient, various kinds of things, such as an alumina, a 
zirconia, silicon carbide, silicon nitride, alumimium nitride, a steatite, a mullite, a cordylite, forsterite, and a spinel, can be 
chosen suitably, and can be used, but in order to bring coefficient of thermal expansion close to the coefficient of thermal 
expansion of Si, heat electric conductivity is large and it is desirable to use alumimium nitride also with large flexural 
strength etc. 

[0024] the flat-surface coil 2 -- from right conductivity metallic materials, such as copper, silver, gold, aluminum, or these 
alloys, - becoming -- an inductance, a direct-current superposition property, size, etc. -- responding - electric a serial - 
length or it can arrange suitably through an insulator layer horizontally. Moreover, a transformer can consist of forming 
two or more flat-surface coils 2 in juxtaposition. Furthermore, the flat-surface coil 2 can be created in various kinds of 
configurations by carrying out photo etching after forming a conductive layer on a substrate. What is necessary is just to use 
proper approaches, such as press sticking by pressure, plating, metallizing, vacuum deposition, sputtering, ion plating, and 
the screen-stencil calcinating method, as the film production approach of a conductive layer. The insulator layer 3 is formed 
in order to prevent flowing with a magnetic film 4 and short-circuiting at the time of the energization to the flat-surface coil 
2. As for an insulator layer 3, it is desirable to use what consists of minerals film, such as high polymer films, such as 
polyimide, Si02, glass, and hard carbon film. This insulator layer 3 is formed by approaches, such as the approach of 
calcinating after paste printing, a hot-dipping method, thermal spraying, gaseous-phase plating, vacuum deposition, 
sputtering, and ion plating. The magnetic film 4 consists of film of the soft magnetism alloy of a presentation explained 
previously. 

[0025] The outstanding inductance is shown while contributing to small lightweight-ization of a flat-surface mold magnetic 
cell, since the inductor B constituted like the above has the magnetic film 4 which has the magnetic properties which are 
lightweight and were excellent in small and a thin shape. 

[0026] Drawing 1 1 shows the second example of structure of the inductor constituted using the magnetic film of the soft 
magnetism alloy of said presentation. In the inductor C of this example, the laminating of an oxide film 1 1, a magnetic film 
12, and the insulator layer 13 is carried out one by one on a substrate 10, the flat-surface coil 14 is formed on an insulator 
layer 13, the flat-surface coil 14 and an insulator layer 13 are covered, an insulator layer 15 is formed, and the magnetic film 
16 is formed on the insulator layer 15. 

[0027] Said substrate 10 consists of an ingredient equivalent to the substrate 1 of a previous example, a magnetic film 12 
consists of an ingredient equivalent to the magnetic film 4 of a previous example, and an insulator layer 13 consists of an 
ingredient equivalent to the insulator layer 3 of a previous example. Said oxide film 1 1 can be formed by heating and 
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oxidizing Si wafer thermally, when the substrate of for example, Si wafer is used for a substrate 10. However, even if this 
oxide film 1 1 is not indispensable and it omits it, it does not interfere. The outstanding inductance is shown like the inductor 
B of an example previously explained also in the inductor C of the configuration of this example, and it is small and 
lightweight and contributes to small lightweight-ization of a flat-surface mold magnetic cell. Moreover, in the example 
mentioned above, although the example of a flat-surface mold magnetic cell (inductor) was shown, it is also possible to 
prepare the upstream and secondary coil and to use as a transformer for example. 

[0028] Dr aw ing 12 shows an example of the wave absorber 22 which comes to form the magnetic film 20 of the soft 
magnetism alloy concerning this invention in the whole surface of the substrate sheet 21, and the magnetic film 20 is formed 
in this example in the shape of [ which consists of an alloy of a system explained previously ] a sheet. Moreover, drawing 1 3 
is what made the wave absorber of drawing 12 double layer structure, the three-layer laminating of the substrate sheet 2 1 
equipped with the magnetic film 20 is carried out, and the wave absorber 25 is constituted. Although the magnetic films 20, 
20, and 20 which carry out a laminating in this configuration are formed from the soft magnetism alloy of a presentation 
explained previously, respectively, it sees and is suitable for them from the field of electromagnetic wave absorptivity that 
make the 90 degrees of the directions of the uniaxial magnetic anisotropy of each magnetic films 20, 20, and 20 cross by 
turns, and they carry out a laminating. 
[0029] 

[Effect of the Invention] Since the soft magnetism alloy of this invention is an alloy which uses as a principal component Co 
which consists of a specific presentation mentioned above and a specific presentation ratio as explained above, and it is the 
soft magnetism alloy in which it has high saturation magnetic flux density, high specific resistance is realized, and the 
outstanding permeability is shown Since the value of Q in a GHz band does not become large but a core with little loss can be 
offered, it contributes to the formation of small lightweight of magnetic cells, such as a thin film transformer, a core for the 
magnetic heads, a thin film inductor, and a switching element, and high performance-ization greatly. Moreover, as for the 
diameter of crystal grain of an alloy, it is desirable that it is 7nm or less, and it can acquire in that case more good magnetic 
properties. 

[0030] Moreover, what was shown with the empirical formula which becomes xMyQzXwZs (Col-cTc) is high in the real 
part of permeability also in the high frequency band which can realize high specific resistance, maintaining saturation 
magnetic flux density highly, and attains to GHz, since it can control imaginary part in moderate magnitude, does not make 
small the value of Q in a high frequency band, and can offer a core with little loss. Furthermore, if it is the presentation of the 
range concerning this invention, while being able to carry out the anisotropy field of owner Perilla frutescens (L.) Britton var. 
crispa (Thunb.) Decne. for uniaxial magnetic anisotropy to more than 10 Oe into the field of an alloy, specific resistance can 
be carried out more than 200micro ohm-cm or more than 400micro ohm-cm. 

[0031] Next, if it is the flat-surface mold magnetic cell (a transformer, inductor) equipped with the core which consists of a 
soft magnetism alloy of said presentation, a wave absorber, and an antenna, use in a GHz band is also possible and what has a 
good absorption property can be offered [ in / for what was excellent in the property with little loss in a GHz band in the 
inductor and the antenna / a GHz band ] in a wave absorber. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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110341=1*, boo (110) ©/|*£l>tr— * t. 2 6 
= 4 7* #i6irT^;U7rx«*rMn-A<«S*^ 
bco«i7 i E;U77X^6>i*Ci:4<t>3ti^. C*i 



(5) 
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\zcoimxxi^<t. bcc (110) ©E8r8l4tfc 

A<S*l*. Fe$±-CCoT?H»LfcCo65H f 12023 

T?I4. h o pffifrS©«'hftlH]8rSfc/\n--A<g*i-cfc 
y. ::©R**l4««fth c pfii:7^U7rXffi^e>^ 

ttmsii, jro*i*4i*<. +#fttH8scfttei4 

$e>;h.&i,\, ::*,e>©tSa^S>. *5BW©S/BiRflHHK 

j*^aKttttfttafl*a«£*L-cfcy. * 
eicr*;u:7 7x4ai4£ffl*©3o%ia±. *y»*u 

<I43 0~8 0% Sfito-ctvscttffefr 

So 

[00 15] $fc. C046.5F el7.5H f 14.4021.6ft 
«(BJt«)Smi:-3l^. 2«$©H&art&S1i£S!l£L 

q =r 2 1? fc y . «3fe*t« <*: y * g h i gaaicfci^-cffifc 

fc. C©C«©Bi*4l4. Fe-M-OS(D«8J:y 

l+S«ifiiaiRft©^£LT*#fflT-&5. 0 
5ICC 044.3F el9. 1H f 14.5022. 1 ft Sffl*E®H»© 

*t?j^LfdS«©ttii-efcy. sm^i*ffiitBH»fi 

(hard axis) *|ql©at£$a*-efc£. 05** 

y, jf"tft<n*&*iT*y. ttteffiaotti oom 

HiT6 1Tfey. 1 GH zl=fcOT4i2. 9TJfcS. 
C©STO©t&fQ««:l4l. 1 TT*. JMSSt (P) 1*1 4 

8lS»at1 GHz*yt,*$ftttT?35y, 2GHZ& 
-h©ffi£^L-Cl*Sfc©fcJBfr*t$. ftfc\ tteftltL 
■C05l=*LfcFo6lH f 13026* S*BJ£©&*H4. » 

y» J/'ttS^*©©*/" tS<. 1 OOMHzlCfcl* 
TQ = 2 6 tffiU»ffltfc 4f$oTI/>-5. 
[0 0 16] 06 (A) I*. gMt&CDttlBKfcltS F 
e55H f 1l034ft§«j£©K©S5##TEM (T r a n 
emission Electron Ml c rose 
opy) ft. 06 (B) 14. Fe55H f 11 034ft 
OlOEDX (EntrgyDlspereive X 
— ray Spootrosoopy) |::<fc<&&/hf|tt 
<OfflfiE»«f^***Lfct.©-efcy. 07 (A) 14, J* 
KltftOttlll-aslfSC 044. 3 F e 19. 1 H f 14. 5022. 1 
ft£fflj«©l8©S5#»TEM«. El 7 (B) 14. Co 



44. 3 F o 19. 1 H f 14. 6022. 1 ft5ffl/S©IB© E D X \Z J: 

(A) ©TEMflt^y. Fe55H f n034fti>ffi^©M 
14. &g1 0 nmleTFftttfflBftb o o£fitt (H4## 
1) i. ara©T^;U7yXffi (S$*-%2) A*e,ftS 
dtAtfrj^S. S6 (B) flMUft$Mr0tftK*6. be 
efc^lCfcH f . OXSStf£$*tTl*€iCfcj!flftS£*t 
•&*<. 7 : E/U77X«4>©H f . oa«A*«ffi«+©H 

fc, C044.3Fei9.1H f i4.5O22.lft€>8fiK<0H ; oia 
«=. ftftlftb c clRfc7*;U77Xfea>HM»t£* 
LTl*4*<. be ceSSSI45nmJJLT-efcy» Fe 

5sh f ii034*«tfljtd9a«Dini=ttKTiMei=«in= 

ft^tl^CtW*. EDXI=«fc$»/KI*©flJifc 

Co : Fe = 7 : 3T?&.5*<. H f tOOTtf-^ttT^ 
;U77Xttfl©3rtfeSfflrt*y*£<. Co44.3Fe 
19. 1 H f 14. 5022. iftSSaj&DBICiSUTts H f fcj: 

i;oi4T*/u77xa*i=jsaaiw^ttrL^fc#jL 

[0 0 1 7] 081*. C 044.3Fei9.lH f U.5O22.I 
ft6l§fifc©K»©lHbflja*. Fe6lH f 13026ftSffl 
&<DS&&kitMLtzt,OT:&$,„ A©fft«l4. ffi 

4b$gtt (easy axle) ^fafflBfcffilSSa* 

yw6^a*5i=» c044.3Fe19.iH fi4.5022.1ft 

•5«a«©BH4©«^ttJa#Hkl44. 8kA/mt. F 
e 61 H f 1 3 O 26ft •5fflJffi©K**©8l 4 f&©*£ 3 T? & 
y. Jl^ttl*JI/4r-K u t*#<ft-oTl^o *fc. 
B-H KU— 9— (=rSISLfc«^1±©ftK»»(lf90fl) 
ffifcCo44.3Fe19. iH f 14. 5022.1ft $fflfi2©R14© 
<ft-3T*$y. Fe©*SS#£ Co S 
Cfcfc* y aKwWftH*tt£W*£*iTlift = bit 

-?-©ism. a 4. SB-o^Lfc^ai-jasa^ 

[0 0 18] *K. *ftHKff*IMM|(-Cimfc£J|& 

&£^©&fl£ft@£f*SB*:il$©;ttri?§!£L. fc£ 
&&KfH::oi,*-c 5O0MH zi=&i7«*BKM*«>X 
»3©fi4 (//') £&«ffll©fi& (//") 

«7«Hfi. xiM»*fTofciMMtfi'c*fci8 

[00 19] 
MM] 
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0-2 5 530 



SL1&L& 




V" 






\w V 0 • r f ™ w • l ' Or ■* * » 3 w * w 


250 


120 


f cc+ bcc 


4~ 6am 


\ w V Q , 7 * * 15 w <a 


no 


40 


b c c 


3^-5nm 


I W V 0 t 7 5 * « 0* 


70 


40 


b c c 


6 — 7mb 


t C* n m. a ^ TP A jfc « A ^ X T i 

\ U O fl,?t * C 0. 29/66 1 Q t 3 ^ 21 


60 


40 


b c c 


5"~7nm 




70 


30 


b c c 




I v O 0 . T3 JP 0.27/55" 15 v 26 


70 


30 


b c c 


5-^8md 


\ v o 0. 58* ° 0. 32'00** 1 ]5 v ig« j 


90 


20 


b c c 


4^6nm 


£ ^ n a n a t» A j\ *n ]e n H f < < O *% A C R 
\w w 0.73* w 0. SaiaV 1 * * 10** *0 v D 


310 


ISO 


b c c 


8nm 


(C o 0.72F e o.3s)6gH f 15 0 19B7 


100 


30 


b c c 


4—6no 


(C 0 0.67 F e 0.33)57 H f tt0 2 6 


70 


30 


fee 


3^5nm 


(C 0 0.B5F b 0 .is)s9 h * t e0 25 


100 


30 


fee 


3^5na 


(C 0 0. a F eo.2)s7H f isO 27 


60 


10 


foe 


3-**5nm 


(C00.7F e 0. 3>5sH f t4 0 2sC r 9 


110 


20 


b c c 


3*f 5&t& 


(C O0.7F 6o, 3 )«iH f 16 0 20 A 1 9 


130 


20 


b c c 


3~$no 



[0020] ELtro* 9 fcfttt**, **WI=«S«ltt 

14Sft£|ii»l=itfctt^l*fcttl::. j»S36il*:;&<'><r 
l«1Hl^ftV. *e>l=, Fe-M-Og©tt«t£S£J: 

[002 1] H9l*. Fe-H f-OjgOEfcJiOICo 
- F e -H f -O&©K0!>tt&aaK*©S!«ffl5<i ' £ 

r. Sgft$fDFe-H f-OjR©Jitt, 1—1 OMH 

ztott&tMitfS&ffi&iztstt&u'itf&^'koa)* 10 

0MHzJjU:3rTfl3:i^ir-£-l?fcy. &4 0MHzJiL 

C 044. 3F e 19. 1 H f 14. 5O22. ifcSffiJ&DElcfcHT 
It. u " Vtek LXlt 1 7 oefiicteT* 1 G H 

-C. F e 52H f H027SI*. »B»£91fllLJS:*<^«l« 
LfclS&attffl. Fe 6 lH f 130 26KI*. OR 



tfll»fil©H^*-Cfc«». -^QffilCialvc*. F e - 
H f -0&a>KiS<J:tfCo-F e-H f-O&CKl*. 

R+MH z ui±o!)SJiaa«Jai=fct^st^it$«-t. 

#1=. C044.3Fei9.lH f 14. 5022.1 £ 
14. 100MHrl:fel»t6 1, 1GHzi:£^tt 
2. 9T*&$. Fe-Hf-OSffllSfeJ: 
tfCo-Fe-H f -OS©K(*s MHz~GHz<7>l£ 

[oo22]no (a) , (b) i=. frsna^fl>e:« 

2jM8JS**U #3^r;u2. 2£&«ji&3-3-C 
Jfe8«3;£i<»lte,*U fc§&l»K3<0.t|::iBttlg4A<iag 

Lra-ou2. 2©*«&fis»*«mawi=fita*^.TLx 

f *BI=fc^TI*. ¥t53-f;i'2. 2S-e*l^ffi»K 
[0023] tflffi&ffi 1 1*. t5S»^«ft*&i!t4S 
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i?ju3=7, mtm. sitmm* mty in-* a. 

Xt7*4 K 1*34 K a— K 7*Uf7 

-f k xtr4wu&£©fca©t©$aa»KL-cm*.6 

[0 0 2 4] ¥Ha-OU2li. ffl. 7A*5-«5 
i»fcSlM4C;h,&©£*fc£©ai»«i46a#*4^&fc 

y. 4 essBBfttt. *<fx*iriasi; 

&£S9.ti>Z.bVT}2i>. Sfc. VSa* ;U2 
¥Ba<f JU2I*. «*»£S4E.bl::&j&tiL 7* hx«, 

^>yi-sctic«ky*ao!)»tti=^«-c$s. ares 

©Sffi^Sfc LTtt. 7*UXE».. 

x/<v*'j:/7. -f^->^u-T^f>y, x 

^ ij ->Enia&ia&fc£©j8s©*fc£fiii,vh.i*&i*. 

*VC(.*S. &Jift3l*. a,Ktt£a»0?7<rJi' 
A, S i 02. #7X. fflKft«13«£cD£ji&Rj£fr€> 
fc3>t©£J8l*$C,!:i«#*U*. C 3 li. "* 

-x MJ]@fl&[=ttJjWS£fc. iSSt. a 

ffi* XSBB. Xy<**'J>y. -f^-v^U-T 

am Lfe««a>«ESttMoa» &bb**iw*. 

[0 0 2 5] frE4>ft<flMtfellfc<f * Bl*. /h 

BfroBB-eBB-cftu. a*ifc«stfttt£*rf 
«4i-«fc&ti=. «*tfc-r>$r**>x£*-t. 

[0026] B1 «JSBffiJjfc©ttBte£&©Ktt@l 
« JBI.vc«l*4*lfc<r >5T7*(0»-(D«Jg«IS^-r. 

831 1 fcBBBl 2t«ltBl 3fci<K*SBS*u $6 
m&-i 3±lcJPS3-f;n 4*<»#**u ¥Ha-OH 
4i«6««1 3*«oT«&«»1 6*<»J***l. 

[0027] 1 0 lift©0!l©&« 1 £0«?©tf 

**6tty» &&&1 2i£ftaffl®tt1£@4&l3$cDtt 

»* & « y » mtm 1 3 ia$fc©$i©$£$itK 3 1 m*$<»# 
**64*. mmmi n*. mi oizmits \ 

9x/\a>Btt£Bltfe**K. S I ^x/xtftttLTB 

i^bt-scti-^y^js-ets. fc/-£Ls zomimi 
mmo)$®vttu<* *iSL-ct,iiu3ExJSi>. z 
©fl©«WMM >*7* cfcfc^TiftfcSltsilLfcfcl© 

-f>4f^#BfclWt, tf*tfc'f>*7*:/X«>ftU 

'Mlfrogft-efcy. ?BBBft»?0*B8Bfl;K* 
*"T*. £fc. ±BLfcftfe*l.vci*. JpBBBStJR* 

<D«l**Lfc*<, BJLI& 
•©□-outBitx h7>Xt LTMl»*Efc* TOTf 



[0 0 2 8] 01 2l**f§W(=«4**B*tt££©B1tBI 
2 0 *S8r>- h 2 1 ro-ElcJBfi)tLT&$t8«'IMt: 

2 2©-«$«*t©T?fcy, ra>^iizj5ursaH4S2 

OI«fcfcSilJllLfc5Rfl>#fc*&fc4S/- M*l=B**fc 
*fc, 01 3ISB1 2aBBtttt*t£JIII& 
& Lfc*©T?. «ttB2 0 BftfcfcftttS'- h 2 1 A<3 
^B«l8^*l•C*jS©lS»:2 5At«fi^$tLrt^*. :o« 
Jftl=fclvCBB**BBB2 0. 2 0. 2 01***1**1 

ttK2 0. 2 0. 2 0O-tMSSlA^1£a>^$SSl: 
9 0 * XSa<l*-C«®*S C fc#BB£*fttt«>B*& 
ItHfM. 

[0 02 9] 

[«E©3!l*] fiLhBBLfe*5l=*Bff©«B£6ft 

l*. m&Lfcft£©fcja£ft£©ffljaitfr&fc*Co£ 
s£$-efcy. gi*isfQ«3KffiR$*ru & 

IMtStttXBU S*ifc8«*«jj*-ffettfi:&$-e& 
5©T?. GHz?g«-CfflQ©ffiii<*£<$«>-f. »*© 
'>tElMK«b«ffi«T?£a©-e. SBJh^VX. «ft^«y 

Fffl©37, MK:/4r9*. x-f y^vm+teea 

m&m^o^mmtib. $ < «f^-t * t© 

^fc, ^*©ffiS«ftSl47 nmlolTT?&«wi: 

^W*l<. *©«£!=£ y&#&iga&tt£ff«::£ 

[0 0 3 0] $fc, (Coi-oTo) x MyQzXv»Z 8 fc5 

efies-e^**ifct©(*. fiawa«ss$s<8i^Lo 

t a«*©g|»ffli ^ B! < . « s ic 

we^*©T?. aaa»ia'e©Q©e*/hs<-rsc 

«*tt«^L-t©R»14«#«i 0 O«0±tt4c 
■5tM*4 0 0/<n • GmU±iZt&ZbifiX'£&. 

[0031] «icfra«Bjs©«t{Btt^^&^^fiB'&$ 

7>*+"eMl«. GHr^«-C©ffifflt?rtg 

©^^©^^l^©^^^©^. Sffilfi^tfc^ 
TUG H z «^l-fctNTDaii2^0SH^t CD^ta^T? 

#*. 

[@B©fB««:Km] 

[01] *!6?B«CRSFe-H f-0jR©^4KlCfc 
[S2] C046.5F 817.5H f 14.4021.6"P***V& 

[03] *mommm&&vtt&woi$&mtztni 
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[06] 06 (A) It. Fe55H f 1l034£3fflfi8O 
ISO). Jiltjaia&<Dtf®l::fcMtSS#f?TEM«, 06 
(B) l±, F055H f n 034ft -Sffl^R©. EOXl: 

[07] 07 (A) I*. Co44.3F«>19.lH f 14.5O 
2Z TSSffl^BJcC. JfiBlE8©tt®l::iJlt5Stf8T 
EMft. 07 (B) I*. C044.3Fai9.lH f 14.5O 
22. 1 #SMfi£CDe<7). E D X 1= «fc &'iSl>m®0&i&titi 

[09] F e-H f -0&<DKfc«J:l/Co-F e-H 



[bio] 010(a) i**sBiBicfl&«.¥Baa«£ 

7-©«-<DfiS**-r¥H0s 010 (b) 1401 0 

[011] zmm~ftz>¥®m&&m*n®=(DWt: 

[012] *^^l;C55QmiS©i|H v- kdss-<d« 

[0131 *SEWI=«4Bfit«©iR->- KDS=<D0« 
£iF-fSHS0-efc*. 

[014] «t*tt*4i::fcitsaB*0Js»»te#it£ 

[»#©SftW] 

b. c ¥aa«a** to***) , 

2 2. 2 5 BStttttt. 
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[02] 



[03] 
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a»=6.4* 


FesiKfisOzs 


A . 


■ ■ ■ ■ 1 ■ ■ ■ ■ 1 ■ ■ ■ 't| 


// B 

ntiii|>iii | 1 1 1 1 




Hk=1.15[kA/n] 
Ktf^.6xlOt[J/fi»] 

a»=io.o* 



-15 -10 -5 0 5 10 15 
ft/kA-S-i 



(10) 



ftRWl 0-25530 



[135] 



[09] 
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